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SUMMARY 

A low-speed w i n d - t u n n e l  investigation has been  conducted at a 
Reynolds number of 6.0 X 10 6 t o  determine the   e f f ec t s  of partial-span 
single s lo t ted  a d  double s l o t t e d  flaps at various deflections on the 
longitudinal aerodynamic character is t ics  of  a 47.7’ sweptback-wing - 
Fuselage  combination. The wing  had an aspect   ra t io  of 5.1, a taper 

thickness parallel t o  the plane of -try w a s  7.5-percent  chord. 
rcttio of 0.383, and W A  64-210 8irfQi1 sect iom.  The wFn@; 

The maximum increment Fn maxFmum lift coefficielrb C k  due t o  
deflected trailing-edge flaps is  less than 0.1 and 0.2 for the single 
slatted and double s lo t ted  flaps, respectively. 

The m a x i m u m  v a l u e s  of C obtained with either the single 
%lax 

s lo t ted   o r  double s lo t ted  flaps on the sweptback-wing - fuselage combina- 
tLon  occur at f lap  deflection angles of from loo t o  25O lower than  those 
indicated by two-dimensional tests. The longi tudina l   s tab i l i ty  is  
s l ight ly   affected by the  degree of flap deflection. The largest values 

character is t ica  at maximum lift are 1.51 and 1.59 for the s h g l e  and 
double s lo t ted  flaps, respectively, in  cambination w i t h  extended leading- 
edge flaps. 

of  C L  obtained  for  confYgurationa having stable pitching-moment 



2 

INTRODUCTION 

NACA RM L51E24 

mch  research has been directed toward increasing the maximum lift 
of sweptback wings and eliminating the longi tudinal   instabi l i ty  which i s  
often  present  in  the maximum-lift range of these wings. Sufficient data, 
however, are not  available  to show the aerodynamic e f f ec t s  of the  type 
of' trailing-edge flap, the  degree of f l ap  deflection, and the  f lap  posi-  
t ion .  A s  par t  of an invest igat ion  to  supply this information tests were 
conducted on a 47 .7  sweptback wing - fuselage  combination.  Reference 1 
shows the  relationship between the flap  effectiveness and the  horizontal 
and ver t ical   posi t ion of partial-span  single  slotted  f laps.  Reference 2 
shows the  effectiveness of spli t- type  f laps.  The present  paper  reports 
the r e s u l t s  of t e s t s   t o  determine  the  longitudinal aerodynamic character- 
i s t i c s  with various  deflections of both  single  slotted and double s lot ted 
flaps. 

The tests were conducted in  the Langley  19-foot  pressure  tunnel a t  
a Reynolds number of 6 .O x lo6 and a Mach  number of 0.14. The wing had 
an  aspect  ratio of 5.1, a taper r a t i o  of 0.383, and NACA 64-210 a i r f o i l  
sections normal t o   t h e  0.2%-chord line-. The maximum w i n g  thickness 
p a r a l l e l   t o  the plane of symmetry was 7 3  percent chord. Several  deflec- 
t ions of the single s lot ted and double s lo t ted   f laps  were investigated 
in  conjunction  with-various  spans of outboard lead--edge f lap .  In 
addition,  the  effect  of flap  bracket  alinement on the aerodynamic char- 
a c t e r i s t i c s  of the. double s lo t t ed   f l ap  was investigated. 

NOTATION. 

The data are referred t o  a set of axes coinciding  with  the wind axes 
and originating in the plane of symmetry at the quarter-chord  point of 
the m e a n  aerodynamic chord. All coefficients are based upon the dimen- 
sions  of the basic wing. 

maximum l i f t  coefficient 

A C ~  increment i n  l i f t  coefficient (measured a t  a = 8') 

CD drag coefficient (Drag/qS) 

L/D r a t i o  of l i f t  t o  drag 

. 
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pitching-moment coefficient  (Pitching moment/qse) 

dynamic pressure, pounds per s q w e   f o o t  
r 

wing area, square feet 

mean aerodynamic  chord, feet @ s/* $3 
w i n g  chord, pa ra l l e l  t o  plane of symmetry, feet 

wing chord nom t o   0 . 2 % ~  line, feet 

semispan of wing, now t o  plane of  symmetry, feet 

spanwise coordinate, normal t o  plane of symmetry, feet 

trailing-edge-flap  deflection,  degrees 

angle of a t tack of  root  chord,  degrees 

. gliding speed, miles per hour 

VV s w i n g  ,speed, feet per second 

MODEL 

The principal  dhensions of the model are shown i n  figure 1. The 
wing, which was of solid-steel  construction, had NACA 64-210 a i r f o i l  
sections normal to, the 0.2%-chord line (0 .25~ ' ) .  The maximum w i n g  
thickness parallel t o  the plane of  symmetry was 0.075 chord. The sweep-  
back of the 0.286-chord line w a s  4 5 O ,  the aspect   ra t io  was 5.1, and thg 
taper r a t i o  was 0.383. The wing w a s  uniformly twisted t o  produce 1.32 
washout at t h e   t i p  and the dihedral asgle was 00. The fuselage was of 
c i rcu lar  cross section and had a fineness r a t i o  of 10.2. A midwing 
arrangement was used w i t h  the wing mounted at an angle of incidence of 
2O with respect. t o  the fuselage. 

The details of the  leading-edge flaps are shown Fn figure I. The 
round-no=, extensible,  leading-edge  flaps had a constant chord and 
deflection. The outboard end was fixed at s ta t ion  0.975b/2, and the 

were -avahable In increments of 0.05&/2. 
I inboard enii was addustable so that flap s p a s  from 0.3756/2 to 0.525b/2 
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The de ta i l s   a f  the trail ing-edge  f laps are shown in   f i gu re  2. The 
single s lo t ted   f laps  had a chord of .OO.25c' and could be deflected 20°, 
30°, o r  40°. The double slotted  f laps  consisted of a 0 .075~ '  vane and 
a 0 . 2 5 ~ '   f l a p  which could be deflected 30°, 40°, o r  55O. All of the   f l ap  
arrangements were investigated w i t h  the flap brackets alined p a r a l l e l  
t o  the plane of symmetry. In addition,  the  configuration of  double 
slotted  f laps  deflected 55' was investigated w i t h  brackets mounted normal 
t o  the f l a p  hinge line, For  zero f l ap  deflection,  the  f laps were 
replaced by a solid  trailing-edge  piece which conformed t o   t h e   t r u e   a i r -  
fo i l   sec t ion .  The chordwi6e positions  of the single s lo t ted   f laps  were 
established from the data  presented in reference 1. The double s lot ted 
flap  posit ions were determined from unpublished  two-dimensional data. 
The flaps extended spanwise from s ta t ion  0.144?3/2 t o   s t a t i o n  0,4Wb/2. 
"he outboard  end of- the flaps w a s  elrtended only to the  0.45b/2 s t a t ion  
since the results  presented in reference 3 indicate that leading-edge 
f l aps  became inef fec t ive   in  producing  longitudinal  stability a t  msxFmum 
l i f t  if  the span of the double s lot ted  f laps  is  much greater 
than 0.450b/2. 

A photograph of the model  mounted i n  the Langley  19-foot  pressure 
tunnel i s  presented as figure 3. 

TESTS 

The t e s t s  were conducted in   t he  Langley 19-foot  pressure  tunnel i n  
which the air w a s  compressed t o  approximately 33 pounds per squ 
absolute. The tests were made at a Reynolds number of 6.0 x 10 E= , based inch, 
on the m e a n  aerodynamic chord, and a Mkch  number of 0.14. 

The l i f t ,  drag, &d pitching moments were measured through  an  angle- 
of-attack range at  zero yaw by a simultaneously  recording  balance system. 
The character is t ics  of the wing-fuselage  combination were determined f o r  
a range of deflection.of the trail ing-edge  f laps Fn combination  with 
various  spans of the leading-edge  flaps. 

RESULTS AND DISCUSSION 

All data have been  reduced to  standard nondimensional coefficients 
and\have  been  corrected  for  support-tare and interference  effects  and 
f o r  air-stream misalinement.  Jet-boundary  corrections have  been applied 
to  the  angle  of  attack and t o   t h e  drag and pitching-moment coefficients.  
The jet-boundary  induced velocities  obtained by means of reference 4- 
were used t o  compute these  corrections. 

. 
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T e s t  data axe presented in  figures 4 t o  8 for   those configurations 
considered t o  be the most promising and for  those  configurations  necessary 
to  show the e f f ec t s  of the f laps .  The pertinent l i f t  and pitchfng-moment 
character is t lcs  of all of the configurations tested are summarized. i n  
tables I, 11, and 111. . .. . 

Reference 3 has shorn that f o r  the subject wing a leading-edge 
stall-control  device i s  required  for the attainment of longitudinal 
s t a b i l i t y  at maximum l i f t .  Most of the discussion i s  confined,  there- 
fore ,   to  the ef fec t s  of  the trailing-edge f l a p s  in combination w i t h  
extended  leading-edge  flaps. 

L i f t  ChFacter i s t ics  

The lfft character is t ics  of the wing-aselage  combination  equipped 
w i t h  0.475b/2 leading-edge f laps  and w i t h  the single and double s lo t ted  
flaps a t  various  deflections are shorn i n  figure 4. The vmia t ion  of 
C and EL w i t h  flap deflection i s  presented in figure 9. For the 

s ingle   s lot ted f l a p  configuration,  increases from 1.44 a t  €if = 00 

t o  about 1.50 at 6f = 20°. Further increase in  the deflect ion angle 
to   the  maximum angle tested, bo, r e su l t s  in essent ia l ly  no additional 
change in 

increases to a max- value  of 1.59 at  Sf = 4-00. Further increase i n  
the deflection angle t o  the maximum angle tested, 5 5 O ,  results i n  a 
decrease t o  1.53. It should be noted  that   for the other  leading-edge- 
flap spans tested, & occurred at 'sf = 30°. The maximum increment , 

%ax 

cLm,x' For the double-slotted-flap  configuration, cL,ax 

c h a x  due to   def lected  t rdl ing-edge f l a p s  amounts t o  less than 0.1 

and 0.2 for   the   s ing le   s lo t ted  a d  the double slotted  f laps,   respectively.  
The maximum values of are  produced at deflections of the double 

k d  s3ngI-e s lo t ted  flaps on the subject wing 10' t o  25' less than those 
on the same a i r f o i l  in  two-dimensional  flow, as indicated in refer- 
ence 5 and i n  unpublished data. 

%ax 

The l i f t  increment (% at a = 8O) produced by both f l a p s  
increases up t o  the highest deflection angles tes ted.  The value of ACL 
produced'by the double s lo t ted  flaps i s  slightly la rger  than that prod- 
uced  by the single s lo t ted   f laps .  A t  6f = 400, the v d u e  of QCL 
is  0.46 f o r  the double s lo t ted  flaps as compared t o  0.40 f o r  the s i n g l e  
s lo t ted   f laps .  - 
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The lift character is t ics  of the wing-fuselage combinatior- with  the 
trailing-edge  flaps  deflected h0 and with  several  spans of leading- 
edge f lap.   are   presented  in   f igure 5.. The variation of C with 

leading-edge-flap  span i s  shown in  figure 10 for   the  wing-fuselage 
combination  equipped  with  the  trailing-edge  flaps. With both  types of 
trail ing-edge  f lap,  CL .increases as the span of the  leading-edge 

flap  increases until the maximum value i s  reached  with  the  inboard end 
of- the  flap  extending  Inboard  to at le-ast th& midsedspan of the wing. 
Table I indicates  that ,   in  general ,   the  largest   value of C k  is  
produced  by the longest span of leading-edge f l a p  and that the  leading- 
edge f laps  are more effective  than  the  trail ing-edge  f laps-at   increasing 
the C of the wing. The increment i n  lift due to   the  leading-edge 

f laps  is  negligible,-as shown in table  I. 

%ax 

Lmax 

Pitching-Moment Characterist ics 

The e f fec ts  of  deflecting of the  single  slotted and double s lot ted 
f laps  on the pitching-moment character is t ics   are  shown in   f i gu re  6. I n  
the  low-lift  range, the ef fec t s  of f laps  at small deflections are similar 
to   those  produced on unswept w i n g s  in tha t  the longitudinal trim changes 
are proportional t o   t h e  degree of flap  deflection. The t r im changes are 
of re la t ive ly  small magnitude on this  sweptback wing, however, because 
the hiboard location of t he  flaps places t h e m  longitudinally near t o   t h e  
assumed center-of-gravity  location (0.25E). 

A s  indicated by the  variations of C, with CL, various degrees of 
i n s t ab i l i t y  occur in the l i f t  range jus t   p r ior   to  m a x i m u m  l i f t .  The 
degree of i n s t ab i l i t y  in t h i s  range varies  sl ightly  with  f lap  tfeflection 

coefficient at which t h e   i n i t i a l   i n s t a b i l i t y  OCCUTS generally increases 
with  increasing  flap  deflection. A t l n a x F m u m  l i f t ,  the direction of the 
break in   t he  moment curve is l i t t l e  affected by the degree of f l ap  
deflection. The largest  values of C obtained  for  configuations 

having stable pitching-moment charac te r i s t ics   a t  maximum l i f t  are  1.51 
and 1.59 for   the  s ingle   s lot ted and double slotted  f laps,   respectively,  
i n  combination  with  extended  leading-edge f laps .  

' angle and is  often the least with moderate flap  deflections.  The l i f t  

??nax 

The ef fec ts  on the  pitching-moment che;racteristics of the various 
spans of leading-edge f lap   a re  shown in figure 7. The addition of cer ta in  
spans of leading-edge f l ap  results in the pitching-moment curves break- 
i n  a stable  direction at or near CL; whereas without  leading-edge 

f laps ,  the curves  break in  +TI unstable  direction. With both  the single 
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and double s lot ted  f laps ,   unstable   character is t ics  are obtained with 
leading-edge-flap  spans in excess of 0.475b/2 and stable   character is t ics ,  
w i t h  spans as  short  as 0.375b/2? the shortest  span tested.  The unstable 
m i a t i o n  of C, with CL, which occurs in  t h e   l i f t  range ju s t   p r io r   t o  
C i s  affected  only  sl ightly by the span of the  leading-edge  flaps. %lax' 

Drag Characterist ics 

A s  a means of evaluating  the  effects of the trailing-edge  flaps on 
the   drag 'character is t ics  of the wFng-fuselage  combination, the L/D 
rat ios   are   presented  in  figure 8 ;  The e f f ec t  of trail ing-edge  f lap 
deflection on the var ia t ion of L/D with CL, as i l l u s t r a t e d  by the 
data  obtained fo r  the 0.475b/2 leading-edge-flap  deflection, i s  presented 
as -representative of the results obtained  with the other  leadlng-edge- 
f l a p  spans. A gr id  of gliding and sinking speeds for an assumed wing 
loading of 40 pounds per-square  foot and sea-level  conditions is  super- 
imposed on the L/D curves of f igure 8. 

The maximum values of L/D me  obtained with the trailing-edge 
flaps  retracted.   Deflection and extension of the   f laps  result i n  lower 
maxFnnua values of L/D, but these  values  occur a t  higher lift coef - 
f i c i en t s .  Above lift coeff ic ients  of 1.0 and 1.2 f o r  the single and 
double s lot ted  f laps ,   respect ively,  the values of L/D become E a r l y  
equal as thk deflect ion angle is increased. It appears, then, that the  
f laps  at deflections of. the order of 20° or 30° offer the highest values 
of L/D in  the moderate lift range and values of L/D about equal t o  
those  obtained with greater f l a p  deflections in the high-lift range. 

Effect of  Flap-Brackiet Pllinement 

In  order to determine the aerodynamic effects ,  i f  any, of the 
alinement of the flap  brackets,  an investigation w a s  made of brackets 
mounted normal t o  the hinge line of the double s lot ted  f laps   def lected 
550. The chasacterist ics  obtained  with  the brackets mounted normal t o  
the f l a p  hinge line are compared with those  obtained  with  the  brackets 
mounted p a r a l l e l   t o   t h e  plane of s y m m t r y  in f igure 11. In  $he high- 
l i f t  range,  bracket  alinement had l i t p e  influence on the aerodynamic 
character is t ics  of the model. In the   l ower -Ut  range,  the aerodynamic 
characterist ics  obtained  with  the  brackets mountea normal t o  the hinge 
line were about the same as those which would be obtained w i t h  the 
brackets mounted pa ra l l e l  t o  the  plane of symmetry but with  the  f lap 
deflection  angle  reduced 5'. Strength  considerations made it necess- 
t o  use  brackets relatively l a g e r  than would be  used on .a ful l -scale  
airplane, so that   ful l -scale   differences i n  the  character is t ics  due t o  
f l a p  alfnement might be somewhat smaller than indicated herein. 
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CONCLUDING REMARKS 

NACA RM L5LE24 

From the resu l t s  of an invest igat ion  in  the Langley 19-f oot.-pms- 
sure  tunnel  to determine the effect  of deflection of O.43-sernispea 
single s lot ted and double s lot ted  f laps  on the aerodynamic character- 
i s t i c s  of a 47.70 sweptb-ck-wing - fuselage combination, the  following 
remarks may be made: 

1. The highest, increment i n  maximum l i f t  coefficient C h  due 

to   def lected ' t ra i l ing-edge  f laps  amounts t o  less than 0.1 and 0.2 f o r  
the  single  slotted and double slotted  f laps,   respectively.  The maximum 
values  of C obtaFned with either the single o r  double s lot ted 

f l aps  on the sweptback-wing - fuselage  combination  occur at flap deflec- 
t i o n  angles of from loo t o  25' lower  than  those  indicated by two- 
dlnmensional test s. 

Lmax 

2. In  the lift range jus t   p r io r   t o  the longitudinal sta- cLm,x' 
b i l i t y  of thX wing-fiselage combination  equipped  with  leading-edge 
f laps  varies s l igh t ly  with the trailing-edge-flap  deflection. A t  C 

the s t a b i l i t y  i s  unaffected by the degree of. f lap  deflection. 
%ax 

3. The large st values of C obtained  for  configurations  having 
%lax 

having skab le  pitching-moment character is t ics  at m a x i m u m  l i f t  are 1.51 
and 1.59 for   the  s ingle   s lot ted and double s lot ted flaps, respectively, 
i n  combination with extended  leading-edge  flaps. 

4. Flap  deflections of 20° t o  30' offer  the highest values of 
l i f t=drag  ra t io  L/D i n  the moderate-lift  range and, i n  the high-lif t ,  
range, values of L/D equal to  those  obtained  with  greater  flap 
deflections. 

Langley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Field, Va. 
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TAB= 1.- SUMMARY OF TBE LIFT CHARACTERISTICS OF ’JBE WIH@-FUSLA(IE 

COMBIFTATION WITH VBRIOUS PULP CcsI9FI(IuRATIOW 

I ” 
c h x  - R AC \ JJ ( a  = 8O) 

Leading-edge-flap span, b/2 

Flaps off 

Single slotted 

Double e lo t t sd  

‘1 4 6  .al .hi 1 .& 1.45 

a~.43 %.h7 1.50 1.51 

“1.45 a1.48 1.49 1.52 

“1.40 al .46 1.51 1.54 

CL I s  IncPeaaIng a t  hlghes t a tes ted .  

7 
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t - ,  t 4 

0 0.3 75 0.425 0.475 0.525 

Leading-edge-f/ap ' spon , b/P 

.. . 
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TABLE 111.- S1o"AFtY OF THE PITCHIN5"oldENT CHARACTERISTICS OF THE WIN(bFUS3LAIIE 
COMBINATION EQDTPWD WITH THE DO- SLOTTED FLAPS 

CL 
0 .8 1.6 

0 

I 'l---" I 

I- C I- 

0.375 0.425 

. - .  . 

u 

0.4 75 

I I I 

0.525 
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Figure 1.- Geometry of the 47.7 sweptback-wing - f u e l a g e  combination 

0 

and de ta i l s  of the leading-edge flaps. All dimensions are Fn inches. 
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Figure 2. - Detaile of 
VVY 

the   s ingle   s lot ted and double s lo t ted  flaps. hy 
hf, vf are posit ive as  shown. 
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. . .. 

S '  L 

combination equipped.with single slotted flaps VI P Figure 3.- Wing-fuelage 
and mounted in Langley 19-foot pressure tunnel. 
I 



. . . . . . . . .  

.. . . 

(b) Double slotted flaps. 

Figure 4.- Effect of deflectlan of  the single Blotted and double slotted 
flaps on the lift characteristics of the wing-fuselage cambination. 
equipped with 0.47'3/2 leading-edge f h p s .  

N 

. . . . . . . . . . . . . . . . 
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Figure 5.- Effect of leading-edge-flap span on the lift characterls-tics 
OP the wing-ftmelage combination equipped wfth the s ing le  slotted 
and double s l o t k d  f laps deflected bo. 
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‘laps. (b) Double slotted flaps. 

Figure 6.- Effect of deflection of the  single  slotted and double slotted 
flaps on the pitching-moment characteristics of the  wing-welage 
combjnation equipped with 0,47fjb/2 leading-edge f laps.  

. 1 
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Figure 7.- Effect of leading-e8ge-flsp span on the pitching-moment 
characteristics of the xhg-heelage combhation equipped with  the 
single slotted and double slottea flaps deflected 40'. 
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(a) Single  slotted  f lap.  
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(b) Double s lot ted  f lap.  

Figure 8.- Effect of deflection of the  single  slotted and double s lo t t ed  
f laps  on the  l i f t -drag  ra t ios  and gl ide  character is t ics  of the wing- 
fuselage combination  equipped with 0.475b/2 leading-edge  flaps. 
Assumed wing loading  of 40 pounds per  square  foot,  eea-level 
conditions. 
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Figure 9." Variation of C and LCL w i t h  deflection of the single Lmax 
slot ted md'double s l o t t e d  flaps on the wing-fuselage cambination 
equipped w i t h  0.475b/2 leading-edge flaps. 
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Figure 10.- Variation of-  C with  leading-edge-flap span for the Lmax 
wkg--elage  combination equippet  with the single slotted and 
double slotted flaps deflected 40 . Flagged  symbols indicate 
that CL is increasing a t  highest a tested. 
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Figure 11.- Effect of alinement of the trailing-edge-flap brackets on 
the aerodynamic  characteriatica of the wing-fuselage combination. 
Double slotted  flaps  deflected 55'; 0..479/2 leading-edge flaps. 
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